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ON THE PECULIARITIES OF THE LONGITUDINAL
DISTRIBUTION OF SOLAR ACTIVITY

by Yu. I. Vitinskiy

SUMMARY
16675

A method of isolines in application to the drawing of synoptical
solar maps for one cycle is given. It is shown that this method can
be applied with success for recognizing the active regions on the sun.
Tne peculiarities of the longitudinal distribution of various indices
of solar activity are considered. The presence of active longitudes
for which the Fay law is practically absent (in agreement with Losh
and Waldneier) is confirmed. It is noted that the main population of
active longitudes are recurrent groups. The distribution of the decay
function with longitude is considered. It is shown that this distri-
bution di ffers from that for the sum of daily spottedness for a cycle,
indicating that decay and outburst processes belong to different
depths. It was found that the magnetic strength index of spots is un=-
suitable for the study of longitudinal distribution as much selection
is involved when procuring data on this index. 1In conclusion the
peculiarities of recurrent groups populating active sclar longitudes

are discussed. HMV/VO’C/

The problem of whether the latitudinal and longitudinal distribution
of solar activity is uniform or non-uniform in one or both directions has
long attracted the attention of numerous researchers. This problem usualily
consisted of two parts. One of them eventually developed intc the Sperer
law of the latitudinal creep of the spot-formation zone in the course of a
cycle, and the otnher usually figures in literature in connection with the
active solar longitudes. :rut the problem of the longitudinal and latitu-
" dinal distribution of solar activity has not yet teen solved. This has
bteen due largely to the methods still used by the researchers.

The initial material for this problem are the synoptic maps of the Sun.
There are two such maps in existence now: daily and per revolution. The
daily maps of the Sun do not have a system of longitudes rigidly fastened

to the Sun, and cannot therefore be used for our purpose. Such maps are




more suitable for the study of heliogeophysical bonds. 4s for the synop-
tic maps of the s5un, per revolution, they are characterized by the follow-
ing features,

1. They show the various solar formations only in the day they pass
the central Solar meridian, and in this sense they can bte considered only
from the point of view of the terrestrial observer, without going into the
dynamics of these formations.

. They show only the visible solar formations (this is explained by
the fact that this is the only type of solar activity actually observable

at present). It is therefore impossible to get a particular indicator of

solar activity for every point of the solar surface.

3. They prevent the compilation of composite synoptic maps of the Sun
even for several revolutions, in view of the first two peculiarities, inas-
much as the picture becomes very confused.

Thus it can be said that the synoptic maps of the sun compiled hereto-
fore have been of the Lagrange type, as they actually dealt with the behav-
ior of an individual solar formation from the voint of view of an observer
moving along with it on the solar surface as it were.

It is quite natural that the use of such synoptic maps of the Sun in-
volved a considerable amount of arbitrary judgment in the recognition of
the active centers, particularly their boundaries. Attempts were made to
eliminate this arbitrary feature by the introduction of various statistical
criteria. But these investigations, though based on the same materials,
frequently led different authors to diametrically opposite conclusions.

A1l this compelled us to try another method of compiling a synoptic

map of the Sun based on the Euler principle. It was actually a method of

isolines usually applied in meteorology.
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Let us take a certain number of rigidly fixed points on the solar sur~
face and consider some kind of indicator of solar activity in each of those
points. e will assume that a given index applies to a scalar continuous

field witn a terminal numbter of points of discontinuity. We can then ob-

"+

ain the field distribution of that index in the form of a system of iso-
lines.

But the use of this method, which we shall call the isocline method,
produces three difficulties in the case of the Sun.

1. There are practically no indexes of solar activity at present that
would produce a continuous field. 4 rossible exception are the magnetic
fields of the sun spots. DBut, as we will show later, that index can hardly
be used to good effect at present.

2., In the case of long time intervals, the effect of Sperer law may
produce certain distortions in the separation of the active centers (by
latitude).

3. The manifestation of the Fay law of differential rotation at long
time intervals may result in the distortion of the longitudinal distribution
of any indicator of solar activity.

As for the second and third difficulties, the question of their signi-

ficance can te decided only a posteriori. The first difficulty can be

avoided in the same way as is done in the compilation of isoneph maps in
meteorology where probability takes the place of a definite index.

Eefore applying the isoline method we had to solve the problems of the
time interval, the number of points on the solar surface and the index of
solar activity.

We will take the length of a solar activity cycle as a time interval.

Qur time interval will thus not te constant. But what is important here



is that it be characterized by a very definite and completed process.

The selection of the number of points on the solar surface is, in
effect, equivalent to the selection of the dimensions of the active re-
gions on the Sun. It is a known fact that the dimensions of the largest
groups of sun spots are 20° latitude and 40° longitude [1]. We have there-
fore decided to divide the solar surface into areas of such sizes, which
means 36 points placed in the center of each such area of the spot-forma-
tion =zone,

In the first stage we will use the average dally spottedness of each
area in each revolution (Si) as an index of solar activity. In this case
the spottedness is considered in terms of area. This index is defined as
the sum of the daily values of the spot group areas located within a given
area and divided by 14, which is the maximum number of days the groups
have existed on the visible hemisphere of the sun. Naturally, we must also
assume that the picture on the invisible solar hemisphere is abtout the same
as on the visitle one. We get the sum Si for each area per cycle. We will
thus deal with magnitudes which appear to be proportional to the energy of
solar activity released in the course of z cycle in a given area of the
solar surface.

we have used the isoline method to compile a synoptic map of the Sun
representing cycles 12-18. The data on the sun spots were taken from the
Greenwich photoheliographic catalogs for cycles 1¢-16, and from the Pulkovo
catalogs of solar activity for cycles 17-18. Fig. 1 shows such maps for index

Si of cycles lec=18. 1In this case, Kerrington longitudes are measured off
on the X-axis and heliographic latitudes on the Y-axis.

An examination of these maps shows that the isoline method facilitates

a clear recognition of the active centers on the Sun. We should pecint out
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here that the problem at hand is not the distribution of some manifesta-
tion of solar activity but the distribution of the cause of solar activity
in the photosphere expressed by ESSi. Inasmuch as the cycle we selected
is large enough in latitude, the effect of the Sperer law of the spot-for-
mation zone creep has practically not been felt. At the same time, such
a scale makes it possible to find only the longitudinal distribution of a
given index of solar activity. We will therefore examine this problem
first. As for the latitudinal distribution of solar activity, it can be
recognized only when the latitudinal dimensions of the areas is reduced to
10°.

The most conspicuous feature of a synoptic chart of the sun (see Fig,
1) is that the active centers remain in practically the same longitudinal
intervals for £-3 cycles. Moreover, if there are any deviations from these
longitudinal intervals, tney 4o not exceed 400, that is the scale of the
longitudinal area, and have no definite, systematic direction. Here we are
approaching the problem of the active longitudes of the Sun.

The problem of the existence of active longitudes has so far been

solved by statistical methods alone {2]. After a recent examination of




Greenwich materials for a period of £3 years, U. Becker (3] came to the
conclusion that there were not actual active longitudes on the Sun. This
conclusion was btased on the use of a certain statistical metkod and postu-

late which should be discussed at some detail.
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U. ptecker believes that the activity of an actix
mani fest itself systematically and uniformly (in point of time). Hence
the time interval he selected, 10 revolutions of the Sun, was definitely
tooc short for the solution of the active longitude problem. RBut is that
really so? Tne term active longitude usually implies a longitudinal inter-
val in the course of which, several years or more, the solar activity is
considerably greater than in the neighboring longitudinal intervals. The
point therefore is how uniform was the release of the solar activity energy
and how great was that energy.

Disregarding U. Becker's postulate, we find from the charts of the Sun
covering one cycle that active longitudes actually do exist on the Sun.

This follows also from Fig. & which shows a composite chart of active solar
centers for cycles 12-18. The figures denote the numbers of the cycles, and
the arrows the displacements of the centers from cycle to cycle.

Ls already pointed out, the active centers do not reveal any tendency
tc deflect from cycle to cycle in the same direction. This circumstance and
the tendency of the active centers to retain their longitude indicates that
the Fay law is not operative in the active longitudes. Actually, in view
of the large longitudinal dimensions of tne areas (40°) and the large unit
of time interval (cycle), the operation of the Fay law would have resulted
in the displacement of the active centers in a definite direction. But in-
asmuch as this does not happen, we are probably dealing here with a rigid

rotation, in accordance with the conclusions reached by Losh (4] and Wald-
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which the group of spots was seen.
Vitn a longitudinal scale of 20°
used by U. Becker, the picture beé
comes s0 confused that it is abso-
lutely impossible to recognize the
active centers in it. The‘loggi-
tudinal disjunction appears iifh

a change to a 40° intervai, but it
is less clear than EE Si (see Fig.
3). It is interesting to note
that the active longitudes do not
always coincide with the ones ob-
tained frog;fhe _Z?si maps. Such
a disparitjycqﬁ;d best be explain-
ed by the ,fécg that we deal with
indexes chggéétefizing.different
types of sunspét groups;

Let uégéee which of the
groups ofisﬁnspots determine the
active loﬁgétQQes on theléﬁn #e-
cognized}ﬁy?the synoptic charts in
connectién with Esi. We will
therefore compile a chart of cycle
15 for the recurreht groups (See
Fig. 4), It is found that the re-
current groups produce a still

more clearly defined longitudinal
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dissection than all the groups put togetner. A similar examination of the
nen-recurrent groups shows that treir longitudinal gradients are consider-
ably smaller than those of the recurrent groups. rarlier [5] it was shown
that there was practically no connection between the maximum area and time
of the exister

nce of recurrent groups of sunspots It is obvious that U.

Becker's index characterizes primarily the non-recurrent groups.
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Fig. 6.

As we have already pointed out, the EBSi field is, strictly speaking,
a discreet one. We have therefore used the isoline method to compile a
synoptic chart of the sun for the probability of the values defined by this
index: Si> 500, 100 < S & 500 and 2 <o £ 100. Here it was found that
the mavs of probability Si > 500 are practically similar to the ia Si maps.
An example of such a map corpiled for cycle 16 is shown in Fig. 6. We have
thus reached the conclusion, by an entirely different method, that the ac-
tive longitudes are determined primarily by recurrent groups, inasmuch as
such groups are characterized precisely by such areas.

So far we have used Z?Si as the index of solar activity characteriz-
ing the magnitude of the spot-formation process in a given area. We will
now take a look at another index which we shall hereafter call the decay

function. It is defined by the following formula

_/ hm |

,'»

ar ) .
- decay
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Here Sj denotes the daily value of the spot area, t -- the time ex-
pressed in days, and n -- the number of spot groups per area; all the Sj
values refer to the time of the area reduction after the group has reach-
ed its maximum area. We should point out that we have discussed the recur-
rent groups not as individual manifestations but for the entire period of
their existence. Inasmuch as the peripheries of the areas are characteriz-
ed by all sorts of errors, we used only the data in the range of longi-
tuges = 700 from the central meridian of the sun.

It is natural to believe that the resorption function is determined
by the viscosity of the solar convective zone, and in this sense we may
speak of the existence of a continuous field of the resorption function.

We will compile synoptic charts of the sun for cycle Qi(ﬁ’,x , t) and com-
pare them with the corresponding ;Z:Si charts. Such charts compiled for
cycles 12 and 16 are shown in Fig. 5. It is interesting to point out that
the soutnern hemisphere of the sun was more active in the first of these
cycles, and the northern in the second.

An examination of the solar synoptic charts in connection with the re-
sorption function justifies the following conclusions.

1. The active centers of the resorption function appear both in the
low and high latitudes. It should be recalled that the index 2531 applies
to the active centers which are usually located in the lower latitudes.

But in the case of Qi' the picture is considerably more complicated than

the ZSi function.

-

2. There is no definite pattern in the coincidence or non-coincidence

of the active centers sti and Qi' This may indicate that the decay and

15




outburst characterize trocesses

occurring at different depths.
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! '//"i / i

Was observed in the case of function ;
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an analogy between a.curve denoting

the develoPpent of¢an area of an ine

dividual group, and a curve repre-

senting the development of a cycle

according to some solar activity in- .

dex, as for exaﬁ?ﬁg,athe'Stewarié

Panovskiy ;/,,f,o ™ [61 _even though ;f,»i:i‘

there ié actué;iy én:inverse'depend—'

ence between the capacity and the

time of develmeent’bf an individual

group and cx@lé. A comparison of

the 2jsi anaiQ£*agps‘@povs that we

are dealing'#ithﬂtno:iﬁdeﬁendent:

processes as it Were.. ‘The first of

them is conditioned by the internal

layers of the Sun where the sunspots

originate, and the second by the sur-

face layers which may either destroy

the group or retain it for a long

time. 1t is possible that the

16
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cyclic curve can also be expressed by
only two independent functions: out-
turst and decay. In this sense, the
attempt of certain authors, as [7]

for example, to represent it as a sin-
gle-parameter function is hardly jus-
tifiable.,

Having discussed the indgxes of
the solar activity characterizing the
processes in the photosphere, it is
only natural to take a look at one
more index applying to the same layer
of the solar atmosphere, and thét is
the magnetic f}elds of the sunspots.
This index, as already pointed out,
is the only indicator of’a continuous
field. Actually, we may be dealing
with two indexes connected with the
magnetic field inteﬁsities of the
spots. These are 1) the total mag-
netic field intensity of the spots in
a given area EHi and 2) the average
magnetic intensity of a group within
an area i:—z'%i‘—‘ s Where n indicates
thie number of groups in a given area.
The first of them appears to indicate

the magnetic energy released in the

17
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course of the cycle, and in this sense it is similar to Z:Si; the second
characterizes the average magnetic field intensity per cycle in each area.
We should point out that both indexes may be obtained only from the maxi-
mum value of the magnetic field intensity during a single passage of a
group of spots, inasmuch as a fairly long series of observaticns have been
made of only that magnitude. It should be pointed out also that in using
the data on the magnetic fields of the spots we inevitably run into the
problem of material selection, let alone the other shortcomings of the giv-
en index. We therefore took also the index ﬁi‘ in addition to Z:Hi’ in
the effort to aveid that selection at least to some extent. Curiously
enough, we obtained practically the same result in the longi tudinal dis-
tribution for both indexes.

We compiled the §§Hi and ﬁi synoptic charts of the sun for the 16th
cycle. An examination of the compiled charts (see Fig. 7 and 8) justifies
the following conclusions.

l. The active longitude represented by indexes EZHi and ﬁi practi-
cally coincide with those of index ZEISi. This again confirms our con-
clusion to the effect that the recurrent groups are the basic determining
population of the active longitudes inasmuch.as such groups are usually
characterized by large magnetic fields.

2. In point of longitude, the gradients ‘E;Hi and Ei are considerably
gmaller than similar Z:si gradients. (onsequently, these indexes are much
less convenient that Zﬂsi for the recognition of the active centers.

3., In point of latitude, the SH% gradient are, on the other hand,
very large. It is possitle that they are partially connected with the se-
lection of material and partially with the operation of the Sperer law.

Unfortunately, in this case it is practically impossibtle to separate these

18



two factors. AaAs for the Hi index, we have here considerably smaller lati-
tudinal gradients which are vractically comparable to its longitudinal
gradients.

Our conclusions show that it does not pay to make a special investiga=-
tion into the distribution of Zin and ﬁi in other cycles, as we will ac-
tually get the same results to which we had been led earlier by an examina-
tion of the solar synoptic charts for ‘E:Si'

Finally, we shall also discuss the problem of the peculiarities of the
recurrent groups inhabiting the active longitudes. Icr that purrose we
snall compare such groups in thke active and rassive longitudes (that is,
such groups where Z:Si had a minimum value in comparison with tre neighbor-
ing longitudinal sections), as in cycle 16, for example. 4ind here we find
that the active longitudes usually contain more recurrent groups with a
raximum area exceeding 500 m. p. a. {(maximum permissible area [%¥]) than the
rassive longitudes. The maximum magnetic intensity of such groups is on
the average higher in the active longitudes, and their life is therefore
alsc longer, as Wwe have shown earlier.

n the average, we cbtained the following values for active and passive
longitudes:

Number of groups with Smax. > 500 m. p. av... 6 3

H (N GAUSS) seveeevscessencsansssasssssaaanass 2300 2700

T (in revoluUtiONS) eeee ceectsccasoacsroscasssnses £¢5 2.1

BIRLIOGRAPHY
(1] P. M. Djurcovie, Bull. Observ. astron. Geograd, 18, 1€, 1953.
(2] F. Sanford, PASP, 47, 180, 1935; 49, 200, 1937.
(31 U. Becker, Zs. Astrophys., 37, 47, 1955. ‘
(4] H. M. Lesh, Publ. Obs. Michigan, 7, No. 5, 1938. 4
[5] Yu. I. Vitinskiy, Soln. daunyye [Solar bata], No. 5, 1956, No. 5, 1958.

(6] M. %aldmeier, Kezul'taty i rroblemy issledovaniya Solntsa [Results and
Froblems of Solar Investigation], Publishing House of Foreign Litera-
ture, Moscow,; 1G650.

L74 B. Thuring, astron. Nachr., 32, 33, 1955.
August 1958
19




